The peeling of an epiretinal membrane (ERM) is commonly performed for poor visual acuity and/or metamorphopsia, but to our knowledge, its influence on central-peripheral rivalry (CPR)-type diplopia has not been rigorously studied.
E
piretinal membranes (ERMs) may be associated with central-peripheral rivalry (CPR)-type diplopia 1 (also known as macular or retinal diplopia, or draggedfovea diplopia 2 ). The aim of the present study was to evaluate the influence of ERM peeling on diplopia status.
Methods
Institutional review board approval was obtained from the Mayo Clinic. All procedures and data collection were conducted in a manner that complied with the Health Insurance Portability and Accountability Act. All research procedures adhered to the tenets of the Declaration of Helsinki. Verbal consent was obtained from all study participants.
Patients
Patients who received a diagnosis of ERM and were undergoing ERM peeling were prospectively and consecutively enrolled from the retina practice of a single surgeon (RI). Patients with full-thickness macular hole or rhegmatogenous retinal detachment involving the macula were excluded. Nonoperated eye visual acuity was required to be 20/40 or better.
Preoperatively, patients underwent an orthoptic evaluation and completed a diplopia questionnaire 3 (http://www.
pedig.net), rating diplopia as "never," "rarely," "sometimes," "often," or "always." A reevaluation of diplopia occurred 6 months postoperatively (window, 9-156 weeks) using the diplopia questionnaire. Postoperative diplopia evaluation was performed after any cataract surgery.
Clinical Testing
As described previously, 1, 4 retinal misregistration may be identified using the optotype-frame test and/or synoptophore superimposition slides. 1, 5 It may also manifest as metamorphopsia (incomplete data; assessed using M-charts 6 ; Inami & Co) or aniseikonia (assessed using the New Aniseikonia Test Meaning Epiretinal membrane peeling may lead to resolution of diplopia in some patients but new-onset diplopia in others.
Central-peripheral rivalry-type diplopia was defined as binocular diplopia with retinal misregistration in which other barriers to fusion did not fully explain diplopia. For example, care was taken to rule out monocular diplopia, potentially caused by cataracts. We required a minimum frequency of "sometimes" on the diplopia questionnaire for straight ahead or reading to classify a patient as having diplopia.
The validated Adult Strabismus-20 (AS-20) questionnaire (http://www.pedig.net) was completed preoperatively and postoperatively. 8 Each of the 4 domains (self-perception, interactions, reading function, and general function), was Rasch scored and converted to 0 to 100 for interpretation. 8 
Analysis
Two groups of patients were analyzed: (1) CPR-type diplopia preoperatively and (2) no diplopia preoperatively. For patients with CPR-type diplopia preoperatively, resolution was defined as "never" diplopic for both straight ahead and reading. For patients with no diplopia preoperatively, newonset CPR-type diplopia postoperatively was defined as diplopia rated "sometimes" or more straight ahead or reading with evidence of retinal misregistration. Clinical parameters were compared preoperatively between patients with CPR-type diplopia and patients without diplopia and postoperatively between patients with persistent CPR-type diplopia and those with resolved diplopia and patients with new-onset diplopia and those who remained without diplopia. For non-normally distributed factors, nonparametric Wilcoxon rank sum tests were used. Mean values with a 95% CI around the mean difference were also calculated. Statistical significance was defined as P < .05.
Results

Patients
Thirty-three patients were identified; the median age was 67 years (range, 51-87 years). Eighteen of 33 (55%) were men and 32 (97%) reported their race/ethnicity as white. Ten of 33 (30%) were described in a previous study, 4 but preoperative and postoperative data were not previously reported. Preoperatively, 12 (36%) had confirmed CPR-type diplopia and 21 (64%) did not have diplopia ( Table 1) . Fifteen of 33 (45%) had bilateral ERM (6 with diplopia preoperatively, 9 without diplopia).
Preoperative Characteristics
Preoperatively, the mean visual acuity in the operated eye was better for the 12 patients (36%) with CPR-type diplopia than for the 21 patients (64%) with no diplopia (Table 1) . Adult Strabismus-20 data showed lower scores (worse healthrelated quality of life [HRQOL] ) in patients with diplopia compared with patients without diplopia ( Table 1) . . 
Postoperative Examinations
Six-month postoperative examinations were conducted at a median of 47 weeks (range, 18-138 weeks) for patients with preoperative CPR-type diplopia and 24 weeks (range, 9-82 weeks) for patients with no diplopia preoperatively. Thirty of 33 patients (91%) had undergone cataract surgery in the eye that underwent ERM peel at the outcome assessment (the remaining 3 [9%] had a visual acuity of 20/40 or better in the eye that had undergone ERM peel).
Resolution of CPR-Type Diplopia Postoperatively
Of the 12 patients with CPR-type diplopia preoperatively, 4 (33%; 95% CI, 10%-65%) had resolution of diplopia postoperatively ( Table 2) . Clinical, demographic, and HRQOL characteristics were similar between patients with resolved diplopia (4 of 12 [33%]) and those whose diplopia remained (8 of 12 [67%]), but postoperative AS-20 reading function scores were lower (worse HRQOL) for patients whose diplopia remained than for those whose diplopia resolved (Table 2) .
New-Onset CPR-Type Diplopia Postoperatively
Of the 21 patients with no diplopia preoperatively (64%), 4 (19%; 95% CI, 5%-42%) had new-onset CPR-type diplopia postoperatively ( Table 3 
Discussion
Most patients with ERM do not have diplopia before undergoing ERM peeling, but the present study suggests that some of these patients will experience new-onset diplopia postoperatively. Conversely, some patients with preoperative diplopia will experience resolution after ERM peeling. It has been previously reported 2,4,9,10 that diplopia may emerge following ERM peeling. The present study confirms these previously reported findings and supports explaining the risk of postoperative diplopia to patients undergoing ERM peeling. 9 It is currently unclear which factors precipitate the development of new-onset CPR-type diplopia following ERM c Negative value signifies an improvement in visual acuity.
Research Brief Report
New Onset vs Resolution of Central-Peripheral Rivalry-Type Diplopia in Patients Undergoing Epiretinal Membrane Peeling surgery. Others 2,10 have suggested an association with improved visual acuity, which is consistent with the findings in the present study (Table 3) . Nevertheless, many patients showed improved visual acuity but did not develop diplopia. We speculate that diplopia develops when visual acuity improves but residual retinal abnormalities prevent simultaneous central and peripheral fusion. Further research is needed to elucidate specific factors that are associated with newonset diplopia following ERM peeling. The possibility of CPR-type diplopia resolving following ERM surgery has been suggested previously, 2, 11 and Foroozan and Arnold 12 reported a single case of resolved diplopia following ERM surgery. In the present study, 33% of patients had confirmed resolution of diplopia postoperatively. The reasons for improvement are unclear; a more detailed evaluation of retinal changes and other clinical parameters is needed in additional patients. We found significantly lower (worse) AS-20 scores in patients with diplopia preoperatively (Table 1 ) compared with patients without diplopia and lower reading function scores postoperatively in patients whose diplopia remained vs those with resolved diplopia (Table 2) . Further studies are needed to evaluate the relative magnitude of associations of specific visual symptoms, including diplopia, with reduced HRQOL.
Limitations
There are some limitations to our study. The small sample size resulted in wide confidence intervals for our estimates, but we believe it is important to highlight that new-onset and resolved diplopia do occur. Further research in larger populations would be helpful and may improve generalizability to other populations with ERM. In addition, the presence of bilateral ERM may have confounded our results, but only 15 patients were bilaterally affected.
Conclusions
Our data suggest that patients with ERM who previously did not have diplopia are at risk of developing CPR-type diplopia following ERM peeling and some patients who previously had diplopia may experience resolution of diplopia. These data may be helpful in counseling patients who are undergoing ERM peeling. 
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